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Additive manufacturing is a family of processes allowing to build a component from
a CAD file by selectively adding material layer by layer. The main difference between
the Selective Laser Melting (SLM) process and the Direct Metal Deposition (DMD)
process is related to material feeding. In SLM, the powder is not deposited using a
nozzle as in DMD but drawn in successive thin layers which are then scanned by the
laser beam.
Figure 1: Schematic view of the SLM and DMD processes
The model for the DMD process has been developed in strong connection with the
physical process, namely the thermal, metallurgical and mechanical problems. In order
to reduce CPU time, but to stay with a relevant simulation, only the significant interac-
tions are introduced in the model. The latent heat of fusion, the stress induced phase
transformations and the heat originating from the viscoplastic dissipation are ignored.
The three models (thermal, metallurgical and mechanical) are weakly coupled and are
performed sequentially. Themicrostructural evolutions derive from the temperature his-
tory only, meanwhile themechanical problem uses both thermal fields and phase volume
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fractions as inputs for its constitutive equations. The model is implemented in the Finite
Element Code Z-Set [1] and a specific strategy is introduced to progressively activate
the elements and follow a given fabrication route. The modelling strategy, the related
assumptions and the original metallurgical model have been previously described in a
PhD Thesis [2] and one article [3].
Besides constitutive equations for metallurgy and mechanics, the originality of this
work comes from the capability of the approach to be easily extended to SLM process
modeling. The thermal section of the model needs to be modified to account for the ef-
fect of the powder layer on the temperature evolution. A new element which is thermally
active but mechanically inactive is then introduced to represent the non melted powder.
This element represents a volume of dense material in which the thermal properties are
equivalent to the same volume of packed powder particles. Most of the models giving
the effective thermal conductivity of a powder layer are valid only for temperatures be-
low 500◦C . Risky assumptions have then to be made for temperatures between 500◦C
and 1650◦C (melting temperature). An experimental procedure allowing the calibra-
tion of the resulting model is then shown. Finally, the effect of the shrinkage due to
powder melting on the thermal and geometrical aspects of the process is introduced by
means of four methods, the efficiency of which is compared.
Figure 2: Four methods used to represent the effect of the shrinkage due to powder
melting
References
[1] www.zebulon-software.com
[2] A. Longuet, Modélisation du procédé de projection laser - Application au Ti-6Al-
4V. Thèse Mines ParisTech, 2010
[3] G. Marion, G. Cailletaud, C. Colin, M. Mazière, A Finite Element Model for the
simulation of Direct Metal Deposition, ICALEO, San Diego, USA, 19-23 octobre
2014.
